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VLDL = Very low-density lipoproteins; LDL = lowdensity lipoproteins; HDL = high-density lipoproteins, TABLE 2, Analytical and intra-individual variation in lipids and lipoproteins. Variations were calculatedfrom three measurements made over [5] [6] 
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Environmental factors such as life-style are important but these do not explain all the observed inter-individual variation, physiological and pre-analytical variation are also important. However, intra-individual variation, determined by three measurements made over 5-6 months, is greater than analytical variation for total and low-density lipoprotein (LDL) cholesterol, and triglycerides, while they are similar for high-density lipoprotein (HDL) cholesterol, apoAI and apoB ( Table 2) .
A closer approximation to a subject's true serum cholesterol concentration is obtained if analysis is performed on separate occasions, rather than by replicate analysis of the same Measurement of serum lipids and lipoproteins is important in clinical practice for the diagnosis and treatment of hyperlipidaemia. The most important health risk associated with hyperlipidaemia is coronary heart disease (CHD). Therefore, consensus values of serum cholesterol in CHD risk factor assessment have been proposed by international bodies.l! The most recent of these 2 ,3 emphasize that overall coronary risk must guide treatment strategies, since increased life expectancy with drug treatment has been demonstrated only for those at higher risk of developing CHD. 4, 5 Recommendations accompanying consensus values acknowledge the variation inherent in lipid measurement, stressing that management decisions should not be based on a single result. Sources of variation include both analytical and non-analytical factors. Analytical variation has been considered extensively, and it has been recommended that laboratories should aim for a coefficient of variation of 3070 or less for cholesterol measurement.' In addition, progress is being made towards uniform standardization procedures."
Non-analytical variation in lipid measurements is due to factors which vary between individuals and those which vary within an individual. A large proportion of inter-individual variation in the serum concentrations of lipids, lipoproteins and apolipoproteins (apos) in subjects without hyperlipidaemia is due to genetically determined differences in lipoprotein metabolism (Table 1) . TABLE TABLE (%) ]. Variation within 1 day wascalculatedon four to five measurements made over 24 h, monthly variation on one to two measurements per week for 1 month, and annual variation on one measurement per monthfor 12 months ( Ref 13, 14) specimen." However, repeated tests increase costs and are time consuming, involving additional clinical visits. It is possible that the requirement for repeated analysis could be reduced if factors affecting lipid measurement in individual subjects (Table 3 ) were better understood. The purpose of the present review is to consider the sources of such variation. triglyceride concentrations, with significant rises during the day which are independent of meal patterns, accounting for the higher within-day intra-individual variation compared to monthly intra-individual variation ( Table 4 ). This is paralleled by an increase in very low-density lipoprotein (VLDL) lipid concentrations, whereas LDL and HDL lipid concentrations vary little throughout the day.'? The increase in triglyceride levels following breakfast is greater than following similar meals later in the day, possibly due to a variable insulin response to meals.!? The morning rise occurs even without food intake and may be a consequence of increased lipolysis, increased hepatic uptake of non-esterified fatty acids (NEFA), and increased hepatic secretion of lipoproteins. Disturbance of this diurnal rhythm may account for fasting triglyceride concentration being higher in shift workers. IS Seasonal variation is responsible for some of the changes in cholesterol concentrations with time although many early studies were carried out with small numbers of subjects and/or for short time periods. Although the overall impression is that cholesterol concentrations are higher in winter, some studies have found a rise in summer while some report no seasonal pattern. In a review of investigations between 1965 and 1979 the evidence for seasonal changes in cholesterol was found to be less than compelling. 19 More recent studies have shown a clear increase in serum cholesterol concentrations in winter. In a crosssectional investigation of 214 ()()() men and women attending a health screening programme, serum cholesterol concentrations were 30/0 higher in winter in the UK, and 4-5% higher in winter in Japan.P' There was a strong inverse relationship between cholesterol concentration and air temperature. The body mass index of the subjects was higher in winter but this was not sufficient to account for differencesin cholesterol concentrations. Gordon et al. 21 also found higher cholesterol concentrations in winter in a study of 1446 hypercholesterolaemic men whose cholesterol was measured bimonthly for 5-7 years. Regression analysis, which included changes in body mass index and dietary composition, predicted only 29% of the observed seasonal variation. The extent of the seasonal differences varied inversely with the magnitude of seasonal variation in daylight hours, with no clear relationship to seasonal differences in mean ambient temperature being observed. There was also a strong seasonal variation in LDL cholesterol, and weaker trends in HDL cholesterol and triglyceride concentrations. The LDL-and HDL-cholesterol cycles were synchronous with the total cholesterol cycle. Two studies in which apolipoproteins were measured contradict each other, one reporting lowest levels of apoAI and apoB in the menstrual phase" and the other reporting no cyclical change.P
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Factors affecting intra-individual variation
Total intra-individual variation in lipids with time [coefficients of variation
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Pregnancy
Cholesterol and triglyceride concentrations both rise during normal pregnancy, a reflection of metabolic changes and altered oestrogen and progesterone concentrations. Total cholesterol concentrations fall slightly during the first 8 to 12 weeks of pregnancyv-" then rise progressively to reach concentrations approximately 30% higher than pre-pregnancy concentrattonsv'<? (Fig. 4 ). Changes in cholesterol concentrations are not uniform in the different lipoprotein fractions, larger percentage increases occurring in VLDL and lDL, with smaller increases in LDL and HDL. 40, 41 The rise in HDL is due entirely to an increase in the HDL 2 subfraction.l" HDLcholesterol concentrations rise until about 24 weeks' gestation after which they begin to fall. 36,42 Triglyceride concentrations rise progressively throughout pregnancy reaching two to three times pre-pregnancy values by term, 35 action of fatty acids is not completely understood, but may be due to interference with receptor-mediated clearance of LDL. Stearic acid (CI8: 0) appears to have no effect on serum cholesterol concentrations, possibly because it is converted to the monounsaturated oleic acid. 47,49
The cholesterol raising effects of saturated fatty acids are approximately twice as great as the cholesterol lowering effects of polyunsaturated fatty acids.>? Medium chain saturated fats increase serum triglyceride concentrations,51 possibly because they are transported directly to the liver in portal blood, thus increasing the substrate supply for VLDL synthesis.
Other fatty acids are transported from the gut in chylomicrons and metabolized in peripheral tissues, particularly muscle and adipose tissue. Fish oils, which contain w-3 polyunsaturated fatty acids, reduce triglyceride concentrations, particularly in patients with hypertriglyceridaemia. Reductions of up to 66% in total triglyceride and 78% in VLDL-triglyceride concentrations are seen and their effect is, probably due to inhibition of hepatic triglyceride synthesis. 52 In some hyperlipoproteinaemic subjects, fish oils cause an increase in both LDLand HDL-cholesterol concentrations, this being most marked in subjects with types IV or V hyperlipoproteinaemia,
The frequency of meals may also affect serum lipids. Subjects eating four or more meals per day have been found to have total cholesterol concentration 0·23 mmol/L lower than subjects eating one to two meals per day. This decrease is mainly due to a lower LDL-cholesterol concentration and this occurred in spite of a all lipoprotein fractions being affected equally. 36, 38, 40, 41 These increases are not explained by increases in free glycerol concentrations since, although glycerol levels rise, this occurs only in the third trimester and to a much lesser extent than triglyceride changes."! Compositional changes in lipoproteins occur with triglyceride enrichment of LDL and HDL,38,41 while VLDL composition remains unchanged.
ApoB concentrations increase by up to 60070 37,38,44 and apoAI by 30% during pregnancy37,39 and unlike HDL-cholesterol concentrations, apoAI levels remain elevated in the third trimester.42 Reports on changes in apoAII concentration during pregnancy are contradictory, some showing an increase in the third trimester, 37 while others showing no change. 39,43 Serum lipoprotein(a) [Lp(a) ] concentrations double by the end of the second trimester. 45,46 There is disagreement about the changes in Lp(a) concentrations in the third trimester, with one study suggesting that Lp(a) concentrations remain elevated," while another has shown that Lp(a) concentrations return to baseline by term;" Further data are required before conclusions regarding apoprotein concentrations in pregnancy can be made.
Triglyceride levels fall to pre-pregnancy levels at the time of delivery, whereas LDL-cholesterol concentrations remain elevated for at least 8 weeks after delivery." Lactation also influences lipoprotein patterns, women who breast feed for six weeks having higher HDL-cholesterol and apoAI and All concentrations than those who bottle feed. 43
Behavioural variation Diet
The major effects of dietary components on fasting serum lipid and lipoprotein concentrations are outlined in Table 5 . Increased intake of cholesterol has limited effect on total serum cholesterol concentration probably due to a suppression of LDL-receptor activity.f The higher total (21%), LDL (24%) and HDLcholesterol concentrations (7%) in lactovegetarians compared to strict vegetarians" is related to saturated fat intake. Some saturated fatty acids, particularly palmitic (CI6: 0) and myristic (CI4: 0), have a greater effect on serum cholesterol concentration than others, with myristic acid possibly having a greater effect than palmitic acid. The mechanism of Constituent Saturated fatty acids Monounsaturated fatty acids w-6polyunsaturated fatty acids w-3 polyunsaturated fatty acids Carbohydrates TC LDL-C HDL-C TO higher total caloric and saturated fat intake. 53 The effect of meal frequency is possibly due to reduced calorie density. Simple sugars and complex carbohydrates appear to show no differences in their effects on serum lipid and lipoprotein concentrations with any cholesterol lowering effect being due to replacement of dietary fats. Fibre does not appear to reduce lipid levels directly, but again has a cholesterol lowering effect by replacing dietary fats. 54
Obesity
Between one-third and one-half of the elevation of total cholesterol concentration seen in affluent countries may be related to obesity (body mass index >30kg/m 2 ) , although the degree of obesity appears to have little effect." Obesity is also associated with reduced HDL-cholesterol concentrations and increased triglyceride concentrations, the latter is independent of the elevated free glycerol levels. 55-57 Serum Lp(a) concentrations have been shown to be unrelated to body mass index. 58 Weight reduction lowers the lipid concentration. In a meta-analysis of the effect of weight reduction the average weight loss was 16·6 kg, and the decrease in total, VLDL-and LDL-cholesterol and triglyceride were 13%, 37070, 11% and 32%, respectively. 59 During active weight loss HDLcholesterol fell by 8%, and when weight stabilized at a lower level, HDL-cholesterol concentrations returned to previous levels. 59 This was in contrast to triglyceride concentrations which normalized soon after initiating weight loss." Reduction in the fat content of the diet may partially explain the effect of weight loss on lipid and lipoprotein concentrations although other factors, particularly insulin resistance, may also be important.
Exercise
The effect of exercise on total cholesterol is variable due to the opposing effects on different lipoproteins, LDL-cholesterol falling and HDLcholesterol increasing with exercise. appeared to be independent of dietary composition or caloric intake. Multivariate regression analysis showed that much of the effect was mediated through decreased body fat content. 62 The rate of catabolism of triglyceriderich lipoproteins is affected by exercise. Lipoprotein lipase activity is higher in both adipose tissue and muscle of endurance runners.s" And this would increase the availability of NEFA for direct oxidation as an energy source in the exercising muscles. Exercise appears to have no effect on Lp(a) levels.P Due to the effect of exercise triglyceride levels are lower in active than in sedentary individuals and this trend appears to be most marked in subjects with hypertriglyceridaemia.F A study comparing a hypolipidaemic diet, exercise, and diet plus exercise on triglyceride concentrations in men with type IV hyperlipoproteinaemia has shown that both diet and exercise are effective in reducing triglyceride concentrations. The effect of diet was greater and occurring within three weeks, while exercise-induced falls were more gradual.64 Combination of diet and exercise produced the same pattern of changes as dietary intervention alone. A comparison of a weight reducing diet with or without exercise for one year in overweight subjects has shown that the combination of diet and exercise produced greater reductions in triglyceride and marked increases in HDL-cholesterol concentrations.s' Lipids and lipoproteins are also affected by acute exertion, although the changes are different from the longer term effects of exercise. Walking for 2 h has been shown to increase both total and HDL-cholesterol (by 13% and 17%, respectively), without any change in plasma volurne/" Vigorous cycling for only 5 min caused greater increases in total, LDL-and HDL-cholesterollevels. These changes, however, were not significant after correction for changes in plasma volume.s? Total cholesterol has been shown to rise following a standard Bruce protocol exercise tolerance test. 68 Smoking An overview of studies on cigarette smoking and serum lipid and lipoprotein concentrations has shown that smokers have significantly higher cholesterol (3%) and triglyceride concentrations (9'1 %) than non-smokers.s? Higher VLDL (10'4%) and LDL-cholesterol (1. 7%), and lower HDL-cholesterol ( -5 . 7%) and apoAI ( -4·2%) concentration were also observed in smokers. A significant dose-response effect was seen for all analyzes. It was estimated that the altered lipid profile accounted for at least 91110 of the excess coronary artery disease risk in smokers. Adolescent smokers showed similar changes to adult smokers," though changes in triglyceride, LDL-cholesterol and HDLcholesterol concentrations were greater. One difference from adults was that total cholesterol ( -3· 71ll0) was lower in adolescents who smoked compared to those who were non-smokers. The changes in total cholesterol concentrations represent the sum of a decrease in HDLcholesterol concentrations and increases in VLDL-and LDL-cholesterol concentrations.
It is possible that these effects are not due to a direct effect of smoking since they result, at least in part, from dietary changes." The effect on HDL-cholesterol is reversed within two months after stopping smoking 72, 73 and apoAI and apoAII concentrations rise on cessation of smoking.?" This may be due partly to associated changes in alcohol consumption and dietary intake."
Alcohol
Alcohol ingestion increases both triglycerides and HDL-cholesterol. Epidemiological studies have shown 1Olllo higher HDL-cholesterol concentrations with modest alcohol consumption.N" and larger changes with heavier intake. It has been estimated that alcohol accounts for 4-61170 of the population variation in HDL-cholesterol.77 LDL-cholesterol has been shown to have a negative correlation with alcohol consumption, while there was no effect on Vl.Dl.ccholesterol.l" Alcohol taken with a meal increased and prolonged postprandial lipaemia," with rises in HDL-cholesterol (due to increased HDL 2 ) , triglycerides and apoAII of between 7 and 151ll0. 79 No change was seen in total cholesterol levels. The degree of postprandial lipaemia was proportionately greater in individuals with fasting hypertriglyceridaemia'P and is influenced by the degree of enhanced lipoprotein lipase activity induced by alcohol."
In normotriglyceridaemic individuals a moderate evening dose of alcohol has no effect on total cholesterol, HDL-concentration, LDL-cholesterol or triglyceride concentration the following morning. 79, 82 In hypertriglyceridaemic subjects, however, alcohol has been shown to increase fasting triglyceride concentrations.s" Binge drinking (160 g alcohol/day over 3 days) resulted in a twofold increase in fasting triglycerides, with smaller increases seen in LDL and HDL-triglyceride concentrations.P Hypertriglyceridaernia appears
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to be due to both dietary factors and increased VLDL synthesis. 83, 84 Binge drinking has little effect on the concentration of total cholesterol, or cholesterol in lipoprotein fractions but the concentration of apoAI and apoAII rise, and HDL 2 but not HDL 3 lncrease.P Longer-term studies in normal subjects have shown that moderate alcohol consumption increases HDL 3 concentration without affecting HDL:z concentration.P-" Heavy alcohol consumption increased HDL 2 , HDL 3, apoAI and apoAII concentrations.Pr" HDL concentrations returned to normal after abstinence for 2 weeks. The effect on HDL metabolism is probably explained by two mechanisms, increased lipolysis of triglyceride-rich lipoproteins and induction of apolipoprotein synthesis in the liver.87
Coffee
Early epidemiological studies showed variable association between coffee and serum cholesterol concentrations and this led to the suggestion that these inconsistencies were due to differences in brewing methods." Most studies comparing caffeinated with decaffeinated coffee have shown no differences in concentrations of serum total and HDL-cholesterol, apoAI,89-91 apoB,89,91 or triglycerides. 89,90 However, when changing to decaffeinated coffee increases in total cholesterol.S LDL-cholesterol and apoB,90 and a significant fall in triglycerides were observed.F A doubleblind trial in which subjects drank decaffeinated coffee together with either caffeine tablets or placebo concluded that absence of caffeine had no effect on serum total cholesterol, HDL-cholesterol, LDL-cholesterol, apoAI and apoB.93 Instant coffee appears to have no effect on total serum cholesterol, lipoprotein cholesterol or triglyceride concentrations.vt-" Epidemiological studies comparing boiled with filtered coffee have shown that serum cholesterol levels are 6-lOlllo higher in drinkers of boiled coffee,96-98 and a dose-response effect was seen. Men drinking 10 or more cups of boiled coffee per day have 151110 higher serum cholesterol levels than non-coffee drinkers.?' Experimental studies have also shown a 61110 rise in total serum cholesterol with consumption of boiled coffee. 99-101 Boiled coffee has also been shown to increase LDL-cholesterol by 91110 and apoB by 12-171ll0,99-101 although there was no effect on HDL-cholesterol. 97, 98 The hypercholesterolaernic factor in boiled coffee is retained by a paper filter. 99,100 Most studies have shown no effect of boiled coffee on triglycerides although Zock et al.]02 using a See Table 5 for key to abbreviations and symbols. *Effects depend on the particular oestrogen or progestagen used and the route of administration (see text for details).
lipid-rich fraction of boiled coffee, reported a 551170 rise in triglycerides. The exact nature of the lipidelevating factor in boiled coffee remains unknown.
Clinical variation
Drugs and toxic chemicals
The effects of drugs on serum lipid concentrations are outlined in Table 6 .
Antihypertensive drugs. The effects of thiazide diuretics are dose dependent. Small doses (e.g. 2.5 mg bendrofluazide) have no adverse effects while short-term treatment with higher doses may produce greater effects than those shown in Table 6 . These effects moderate on long term treatment. Cardioselective (j-blockers and (j-blockers with intrinsic sympathomimetic activity have less marked effects on lipids than non-selective (j-blockers. Beta-blockers increase triglyceride concentrations, possibly by suppressing lipoprotein lipase activity and thus decreasing VLDL degradation.l'" The decrease in HDLcholesterol, mainly in HDL 2, is possibly due to a decrease in lecithin: cholesterol acyl transferase activity (LCAT). Alpha-blockers cause small but favourable changes in lipids, while calcium channel blockers and angiotensin-convertingenzyme inhibitors have no significant effect on lipid concentrations.
Oestrogens and progestagens. Oraloestrogens increase HDL-cholesterol concentrations, mainly
Ann Clin Biochem 1995: 32 HDL 2 -cholesterol, through suppression of hepatic lipase activity,'?' and increase triglyceride concentrations in a dose dependent manner due to enhanced hepatic secretion of VLDL apoB. 102 Oestrogens increase the triglyceride content of LDL and tend to reduce Lp(a) concentrations.P The effects of progestagens on plasma lipids depend to a large extent on their androgenicity. The more androgenic progestagens cause a larger fall in HDL-cholesterol, mainly HDL 2-cholesterol concentrations. 105 The net effect of combined oestrogen/progestagen therapy on lipids depends on the opposing effects of oestrogens and progestagens. Older formulations of combined oral contraceptives increased LDL and lowered HDL-cholesterol. 106 Newer oral contraceptives which contain smaller doses of oestrogen and less androgenic progestagens are associated with more favourable lipid changes, although triglyceride levels are increased as a result of less androgenic progestagens being less able to oppose the oestrogen-induced increase in VLDL syntbesis.l'" Triphasic oral contraceptives produce a cyclical variation in total cholesterol concentrations, as seen in the normal menstrual cycle although the pattern is different.!! values being highest in the menstrual phase with triphasic oral contraceptives. After cessation of oral contraceptives, total cholesterol concentrations return to baseline within one cycle, whereas triglyceride concentrations remain elevated for longer. 31 In combined hormone replacement therapy, lower doses of both oestrogen and progestagen than those used in oral contraception are used. As with oral contraceptives, the net effect of the combination will depend on the balance between the opposing actions of oestrogen and progestagen. Oral combined hormone replacement therapy has been shown to reduce Lp(a) concentrations by 500/0. 107 Transdermal administration of oestrogens has less effect on lipids, and in contrast to oral oestrogens, they lower serum triglyceride concentrations. 108,1ll9 This may be due to lower serum oestrogen concentrations, more constant oestrogen levels or the drug escaping first-pass clearance by the liver.
Other drugs. Changes in HDL-cholesterol concentrations with terbutaline (a (j-agonist) occur within 2 weeks of starting therapy and return to baseline within I week of stopping treatment. 110 The rise in cholesterol and triglyceride concentrations with retinoids is proportional to the dose of isotretinoin or etretinate used."! Changes occur within 4 weeks of starting therapy and are reversed within 2-4 weeks of stopping treatment. 112 The changes in lipid and lipoprotein concentrations with cyclosporin are reversed within 30 days of drug withdrawal.'!' The increase in HDLcholesterol concentrations seen with phenytoin, phenobarbitone and carbarnazepine.Uv P" is probably a result of induction of hepatic microsomal enzymes. Valproate, which does not induce enzyme activity, has no effect on HDL-cholesterol concentrations.l'?
Heparin releases hepatic and lipoprotein lipase into the blood, increasing triglyceride clearance in vivo, and lowering serum triglyceride concentrations.P' Patients receiving inravenous heparin have elevated free glycerol levels, and decreased stability of triglycerides on storage, with a 34% fall in triglyceride concentrations after storage of serum for 24 h at room temperature.F? Total glycerol concentrations, remain unchanged. These changes are slowed by storage at 4°C.
Toxic chemicals. Dioxin increases total cholesterol concentrations.F! while chlorinated hydrocarbon pesticides (e.g. lindane and DDT) increase HDL-cholesterol without any significant effect on VLDL or LDL cholesterol levels.P'
Disease states Myocardial infarction. There has been much argument over whether cholesterol levels measured
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on admission to hospital following myocardial infarction (MI) are representative of the pre-infarction level. It has been shown that cholesterol concentrations measured 2 years prior to an MI, within 24 h of admission for MI or 2 years following MI do not differ. 125 134 interferons and tumour necrosis factor. 135 Recovery from sepsis is paralleled by normalization of lipid values.!" During acute pancreatitis, there is a fall in HDL-cholesterol and an increase in total triglyceride concentrations. Total and LDLcholesterol concentrations remain unchanged;'!' Trauma and surgery. Major surgery is accompanied by a fall in both cholesterol (-310/0) and triglyceride (-43%) concentrations.P" VLDL-cholesterol and triglycerides both decrease by over 50% during the first week while LDL-cholesterol also decreases but to a lesser extent. It has been suggested that the rapid decrease in VLDL concentrations following surgery may be due to decreased synthesis of VLDL due to a deficiency of precursors in the liver.P? VLDL and LDL concentrations may also be lowered by increased catabolism. Concentrations return to normal within 1 month. HDL-cholesterol concentration falls following operation (-35%) and remains low for longer than the other fractions. In contrast to surgery following burns there are rises in total triglyceride, VLDL-and LDL-triglyceride concentrations peaking 5 to 6 days138 and these changes are not explained by changes in free glycerol.P? Total cholesterol concentrations fall, reaching a minimum 10 to 12 days post-burn, with falls in both HDL-and LDL-cholesterol concentrations.
Malignancy. There are associations between low serum cholesterol concentrations and subsequent development of cancer. In a meta-analysis, subjects in whom cancer was diagnosed within 2 years of cholesterol measurement or in whom cancer caused death within 5 years, had cholesterol concentrations O·18 mmol/L lower in men and O· 11 mmol/L lower in women than subjects who did not develop cancer within the same period.l'" Several longitudinal studies have shown falls in cholesterol concentrations of up to 0·6 mmollL 2 years prior to the diagnosis of cancer. [141] [142] [143] This effect can be attributed to preclinical effects of cancer resulting from increased LDL-receptor activity in malignant cells.r" No consistent changes were seen in triglyceride or HDL-cholesterol concentrations, while LDL-cholesterol changes reflected those of total cholesterol. !43 A cross-sectional investigation has reported sex differences in the lipid levels of cancer patients. 145 Total cholesterol was lower in men with cancer, while in women with cancer total cholesterol and triglyceride levels were higher. The latter observation may be due to breast cancer which is associated with higher total cholesterol, LDL-cholesterol and triglyceride concentrations. In other cancers total and LDLcholesterol concentrations are lower.
Secondary hyperlipidaemia. Hyperlipidaemia can occur as a consequence of many other diseases and a detailed consideration is outside the scope of the present review. Causes of secondary hyperlipidaemia are listed in Table 7 and discussed in detail elsewhere.v"
PRE-ANALYTICAL VARIATION
Patient preparation
Fasting Following a meal rich in fat triglyceride concentrations increase within I h, the peak concentration occurring at 4 h, and concentrations Table 5 for key to abbreviations and symbols. One investigation has considered changes in apolipoprotein levels and this showed decreases in apoAI, apoB and Lp(a) concentrations of 12%, 9%, and 7%, respectively, on changing from standing to lying, with falls of 9%,5%, and 8% on changing from standing to sitting. 163 The fact that the changes in lipid and lipoprotein concentrations are not equivalent suggests that factors other than simple haemodilution or haemoconcentration may be responsible. Howes et al. 168 have presented evidence that altered sympathetic nervous system activity may partly explain postural changes. They showed that increases in cholesterol concentration on standing were correlated with increased noradrenaline levels but not with haematocrit changes. Most investigations on postural changes have included only normolipidaemic subjects although one study which considered hypercholesterolaemic patients's" found the changes in cholesterol concentrations were similar. Changes in plasma volume with posture have been shown to be greater in patients with hypoalbuminaernia'P or hypertension.P' and it is possible that variations in lipid concentrations are also greater in these subjects, although this has not been estalished.
Lipid, lipoprotein and apolipoprotein concentrations change rapidly within 5 min of altered posture,163 a time when blood samples are frequently taken; thus, this is an important cause of pre-analytical variation. remain elevated for up to 9 h. 157 A light mixed meal causes a much smaller rise in triglyceride concentrations.l'" The extent of the increase after a meal rich in fat varies considerably between subjects, but on average the peak concentration is more than double the fasting concentration. Postprandial lipaemia tends to be greater in men than women.v-!" and in older compared to younger subjects.P? The extent of postprandial lipaemia correlates directly with fasting triglyceride and apoB concentrations, and inversely with HDL-cholesterol concentrations. Mean total cholesterol concentrations do not change postprandially although the response is variable in individual subjects. [157] [158] [159] The cholesterol concentration of triglyceride-rich lipoproteins increases following a meal, accompanied by decreases in both LDL-and HDL-cholesterol concentrations.'? The triglyceride content of triglyceride-rich lipoproteins increases postprandially: HDL-triglyceride concentration also increases, while LDL-triglyceride decreases. All these changes return to fasting levels by 12 h. Reported changes in apoAI and apoB are inconsistent. 157,159 Following a fatty meal plasma apo(a) concentration does not change.l'" though there is a redistribution with an increase in the triglyceride-rich apo(a) concentration. Prolonged fasting for 6 days has been shown to increase both total cholesterol and triglyceride concentrations by 18010,161 and decrease HDL-cholesterol concentrations by 22%. ApoB concentration rose while apoAI concentration fell. However, a 10 day fast in rheumatoid arthritis patients gave different results 162. Total cholesterol (-21%), LDL-cholesterol (-28%) and triglycerides fell, but HDL-cholesterol did not change.
Posture
Many studies have shown that serum cholesterol and triglyceride concentrations are 9 to 19% higher on standing than lying. [163] [164] [165] [166] [167] [168] [169] This is thought to be due to a fall in plasma volume on standing with a resulting increase in the concentration of non-diffusable plasma components. Smaller changes are seen when changing from lying to sitting or from sitting to standing position. 1 63,164,169-172 Changes in total lipid concentrations with posture are shown in Fig. 5 . In those studies in which both lipid concentrations were measured changes in posture affected triglycerides more than cholesteroI.163-166 HDL-cholesterol changes have been measured in only three studies I63,165,166 and the increase in concentration from lying to standing was 8-10%. 30 25 . . 
Sample processing
Venous occlusion
Occlusion of a vein for 0,5-1 min before venepuncture has no significant effect on serum lipid concentrations in normolipidaemic subjects'P' although increases serum cholesterol concentration have been reported (Fig. 6 ). [170] [171] [172] [173] [174] [175] [176] [177] [178] These changes need to be borne in mind in subjects with difficult veins, or if large volumes of blood are being taken. One investigation has considered the effect of venous occlusion in hypercholesterolaemic subjects and showed a greater rise in cholesterol (8070) after 2 min.P? Preliminary data show that the rise in triglyceride concentrations with venous occlusion is less than that of cholesterol ( Fig. 6 ).178 ApoAI and apoB rise by an average of 4·1 % and 9·2% after 2 and 5 min of venous occlusion respectively. Cholesterol and triglyceride concentrations in lipoprotein subfractions increase to a similar extent.
Serum-plasma differences
It has long been recognized that cholesterol concentrations may differ between serum and plasma, and in plasma it is also affected by the anticoagulant used.!" Low molecular weight anticoagulants such as citrate or oxalate cause large osmotic shifts of water from erythrocytes to plasma, reducing apparent lipoprotein concentrations. I80,181 In comparison with serum, cholesterolconcentration decreasedby 9-15% when sodium oxalate is used as anticoagulant.Fi-P" and by 12% when citrate is used.P'' Heparin in contrast to its in vivo effects (see Table 6 )122 causes no detectable change in erythrocyte volume's' and has negligible effect on cholesterop82-184 or triglyceride'P concentrations when used as an anticoagulant.
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Ethylene diamine tetra-acetic acid (EDTA) is often used as an anticoagulant for lipoprotein analysis. It has been reported to cause a 3% decrease in cholesterol and triglyceride concentrations'" and a correction factor of 1·03 has been suggested to convert EDTA plasma cholesterol concentrations to the equivalent serum concentrations.P" It is important that the collection tubes are filled to the volume mark, otherwise the osmotic effect of EDTA will be greater, leading to larger discrepancies between measurements in serum and plasma. Recently, Cloey et al. 182 have shown that EDTA plasma cholesterol concentration is 4·7% lower than the corresponding serum concentration. They attributed this to a 50% increase in the concentration of EDTA in the collection tubes which had taken place since the conversion factor was proposed. This has not been confirmed by Wickus and Dukerschein'F who, using the same brand of collection tube found only a 1· 3% difference between serum and EDTA plasma. No explanation for this discrepancy has yet been proposed.
Capillary-venous differences
With increasing use of capillary fingerprick samples for cholesterol screening, comparability with venous cholesterol measurements is becoming more important. Some of the reported differences between capillary and venous cholesterol concentrations are probably due to the use of different anticoagulants or analytical methods, rather than true capillary-venous differences. Table 8 summarizes the results from a number of studies in which the same analytical methods were used for capillary and venous samples, and it shows that when measured on the same specimen type the difference between capillary cholesterol concentration and venous cholesterol concentration vary from + 4· 4% to -8· 7%.
Studies comparing capillary blood with EDTA venous blood show higher concentrations in capillary samples, because of the 3% lower cholesterol concentrations in EDTA samples (see 'Serum-plasma differences'j.P" Although screening methods are now available for triglycerides and HDL-cholesterol there is little information available comparing these analytes in capillary and venous blood ( Table 8 ).
Preservatives
As well as being an anticoagulant, EDTA is also useful as a preservative. It chelates heavy metals such as copper which promote auto-oxidation of unsaturated fatty acids and cholesterol.P? a process that can alter the physical properties of the lipoproteins. EDTA also retards the changes produced in lipoproteins by contamination with phospholipase C-producing bacteria.P? and inhibits the enzyme responsible for the conversion of pro-apoAI to apoAI. 201 Di-isopropylfluorophosphate inhibits proteolysis of apoAII and apoE, and aprotinin (Trasylol)prevents degradation of apoB-lOO. 202 The use of a preservative 'cocktail' has been recommended for collecting blood for lipoprotein isolation.s'? 212 These differences may be explained by high HDL-cholesterollevels falling and low levels rising on storage.i" These changes were more marked in serum stored at 4°C than at -20°C, and while the changes were slowed they were not completely prevented by storage at _70°C. 216 HDL-cholesterol concentrations increase by 3% per day over 3 days in whole blood stored at room temperature.P'
Reports on the stability of lipoproteins analysed by ultracentrifugation in stored serum have so far been contradictory. Some reports show that lipoproteins are stable if stored at O°C to 5°C for 2 weeks, while at -28°C changes are seen after only a few days. 217 Another investigation showed that cholesterol concentrations in lipoprotein fractions were stable for at least 27 weeks at Percentage Venous difference Reference Capillary
Sample
Storage
Serum total cholesterol and triglyceride concentrations are stable when stored at -20°C for up to 5 years. 203 The apparent concentration of triglycerides on storage is, however, dependent on the analytical method employed. Methods measuring total glycerol concentrations show no change, while methods specific for triglycerides show a fall in concentration due to endogenous lipase activity. In one study, total cholesterol has been shown to be stable in un separated whole blood stored at room temperature for at least 3 days.204 However, others have reported an increase in total cholesterol of 120/0 after the same length of time, together with a fall in triglyceride concentration of 15%.205 Storage at -70°C reduced the apparent concentration of apoB -20 DC, and triglyceride concentrations were stable for at least 11 weeks. 218 Serum samples for lipoprotein electrophoresis are stable when stored at room temperature for 3 days, and are stable after one freeze-thaw cycle, but not after further freezing and thawing.P?
CONCLUSIONS
To ensure that results of lipid and lipoprotein analysis reflect true in vivo values, intra-individual factors must be taken into account. Behavioural and clinical sources of variation should be noted and, where possible, eliminated before specimen collection. Overnight fasting is not necessary if only total cholesterol is being measured, but is important for the measurement of triglyceride and HDL-cholesterol concentrations. Alcohol should be avoided for 2-3 days prior to specimen collection. Intercurrent illness, injury, a recent operation, and secondary dyslipoproteinaemia should be considered if abnormal results are found. Posture should be standardized. Ideally venepuncture should be performed after the subject has been sitting for 15 min, and blood should be obtained with minimal venous occlusion. Clotted blood is the ideal specimen. If samples are collected into EDT A lipid concentrations will be lower. Finally, treatment decisions should not be based on a single result.
A-II and HDL-cholesterol in second half of normal pregnancy and in pregnancy complicated by pre-eclampsia. 
